1.. INTRODUCTION {#sec1}
================

Crohn's disease is the most common small bowel disease that even still today presents a diagnostic challenge, and every effort to advance the diagnosis of this disease is have scientific and practical significance ([@ref1]).

Although endoscopic methods are best for diagnosis and monitoring of digestive tube diseases, they are limited in the proximal and distal segments of the small intestine ([@ref2]).

With the introduction of radiological imaging techniques, goal was to reach an adequate diagnosis and valuable information, without jeopardizing comfort and safety of the patient ([@ref3]). Ultrasound is widely used diagnostic modality that is due to its availability, simplicity, absence of harmful effects and low cost is the first diagnostic method to be used in the diagnosis of the abdominal diseases ([@ref4]). The use of ultrasound in the diagnosis of diseases of the gastrointestinal tract, even though he has restrictions such as are meteorism, abdominal pain, poor spatial orientation, superposition with intestinal convolutions, inability to display certain segments of intestines, etc, is justified in any case as an orientation method ([@ref5]).

The use of magnetic resonance imaging in the evaluation of patients with inflammatory bowel disease was conditioned by development of devices that had technical predispositions for performing such examinations ([@ref6], [@ref7]).

Protocol development for MR enterography made the huge step forward in diagnostic treatment of patients with inflammatory bowel disease ([@ref8]). Problems such as insufficient intestinal distension and intestinal peristalsis are solved with application oral contrast media and intravenous spasmolytic application ([@ref8]).

The use of magnetic contrast medium with dynamical post contrast evaluation improved examination quality ([@ref9]-[@ref12]).

Initial hypotheses were that conventional ultrasound is a good orientation method in the initial evaluation of patients with Crohn's disease, that contrasting MR enterography provides an excellent assessment of the activity of the disease as well as the complications that are accompany it, and that contrast enhanced MR enterography, in comparison with conventional ultrasound, has a significantly higher percentage of success in detecting the activity and complications of Crohn's disease.

The research was conducted to determine the accuracy and applicability of conventional ultrasound in the evaluation of patients with Crohn's disease, to determine the possibilities and potential of contrast enhanced MR enterography in setting diagnosis and assessing the severity and activity of inflammatory bowel disease, comparing the efficiency of conventional ultrasound and contrast MR enterography in diagnostic evaluation of patients with Crohn's disease, and provide guidelines for future diagnostic protocols.

2.. PATIENTS AND METHODS {#sec2}
========================

Patients and study design {#sec2-1}
-------------------------

The study implied a prospective study in which a conventional ultrasound was compared with DCE-MRI enterography in the diagnosis of Crohn's disease and complications that accompany it.

The study included 55 patients who were diagnosed and treated in Zenica Cantonal Hospital during the period from July 2013 to December 2015 due to the suspicion of Crohn's disease.

Research protocol was approved by the ethical committee of the Cantonal Hospital Zenica.

All patients had an ultrasound examination of the abdomen prior to MR enterography. [Figure 1](#fig1){ref-type="fig"} shows ultrasonically verified presence of wall thickening of terminal ileum and enterocutaneous fistula, while [Figure 2](#fig2){ref-type="fig"} showed thickening of the bowel wall with rise in signal intensity after contras medium was administered ([Figure 1](#fig1){ref-type="fig"} and [2](#fig2){ref-type="fig"}). They were subsequently subjected to endoscopic examinations or were surgically treated and that was set as the reference finding.

The study included patients with clinical and laboratory set suspicion of Crohn's disease, that included patients with previously diagnosed and PH verified Crohn's disease (endoscopically and surgically), and which are in phase of exacerbation (patients with presence of clinical and laboratory indicators of diseases activity).

In consideration came and patients with suspected Crohn's disease where the disease is located on endoscopic accessible places in order to subsequent confirmation of endoscopic imaging findings (colon, terminal ileum, area of ileum and colon junction--the proximal part of the gastrointestinal tract available endoscope).

The study also included patients who were after imaging surgically treated.

The study excluded patients with a contraindication for MRI (electromagnetic implants, metallic foreign bodies, claustrophobia \...), patients with a contraindication for the application of MR contrast agent (renal failure, high values of urea and creatinine, allergy to contrast media \...), patients to whom there were confirmed changes in the digestive tract segments that were not available for endoscopic confirmation and did not require urgent surgical treatment.

Study implied analysis of ultrasound and DCE-MR enterography for every patient included in the study. Clinical and morphological characteristics were analyzed, such as thickening of the bowel wall (more than 3 mm) presence of fistula and abscess. Analysis included local lymphadenopathy as indirect sign of inflammation.

Methods {#sec2-2}
-------

Patients qualified to participate in the study on the basis of the above mentioned criteria were ultrasonically examined in the Ultrasound Cabinet, Radiology department, Zenica Cantonal Hospital on PHILIPS EnVisor M2540A Ultrasound System.

Ultrasound examination was performed for all patients before MRI examination order to make it as objective as possible, and to avoid seeking changes seen during MR examination. Each ultrasound examination included a B-mode scan, using a convex 3.5 MHz probe and linear 7 MHz probe.

MRI scanning (SIEMENS Magnet Avanto, 1.5 T, Erlangen, Germany) was performed for all patients in the most optimal time frame compared to ultrasound examination.

Even though there is not a consensus about the universal protocol for contrast enhanced MRI enterography, each examination should consist with fast and ultrafast T1W and T2W sequences in transversal and coronary plane. Dynamic post-contrast evaluation implies use of GE T1W sequences with fat saturation.

After native examination, and intravenous application of contrast medium, dynamic post-contrast recordings on T1 VIBE sequences biplanar (transversal and coronary) were performed.

Before examination the patient drank 1.5L of fluid consisted of 10% mannitol and water in proportion 1:2; at the end they drank 100 mL of dilution every 5 minutes. After that patients were put on the device table where the magnetic coils were applied: 4-channel flex large and 8-channel body matrix a tim coil.

Before start of both native and post-contrast scanning, patients were given intravenous spasmolytic in order to slow down peristalsis and to avoid artefacts of intestinal twitching.

Statistical analysis {#sec2-3}
--------------------

Applied methods of descriptive statistical analysis were used to describe distribution of examined variables. Kolmogorov-Smirnov test was used to test normal distribution of quantitative variables. Since these samples are not normally distributed but at the same time they are dependent, in questioning the significance it was used non-parametric Wilcoxon test (Wilcoxon signed rank test).

Statistical analysis was performed using the "R" program.

In order to establish the diagnostic characteristics, respectively the quality of one method in relation to the other, we performed receiver operating characteristic curve (ROC) analysis.

The statistical hypotheses were tested at the level of α \<0.05, that means that the difference between samples was considered significant if p \<0.05.

![Ultrasonic findings: A) Thickening of the terminal ileum wall, and B) presence of enterocutaneous fistula (Department of radiology, Cantonal Hospital Zenica, 2013).](AIM-26-93-g001){#fig1}

![A) T2 blade fs axial multi breathe hold (mbh), B) T1 vibe fs axial mbh, and C) T1 vibe fs axial mbh postcontrast: bowel wall thickening (Department of radiology, Cantonal Hospital Zenica, 2013).](AIM-26-93-g002){#fig2}

3.. RESULTS {#sec3}
===========

Out of 55 checked patients, 10 patients were lacking pathohistological confirmation of the disease presence. Three of them had positive results on MR enterography.

Of the 55 patients examined by ultrasound, thickening of the bowel wall has been found at 23 of them (42%) to who disease was pathohistologically confirmed. In 10 patients (18.2%), ultrasonically, the absence of bowel wall thickening was precisely diagnosed. Thickening is generally related to the affection of the sigmoid colon, and the thickening of the wall of the terminal ileum.

MR enterography described wall thickness in 44 patients who were pathohistologically confirmed (80%) and in 3 (5.45%) patients without pathohistological confirmation. In 7 (12.7%), the absence of pathological wall thickening on the MR enterography was accurately diagnosed.

The bowel wall thickening has been practically verified on all segments of the small and large intestine. Both modalities verified the thickening of the bowel wall in 22 patients (40%), ultrasound showed a thickening of the bowel wall in one patient (1.8%) which had not seen on MR enterography, while MR enterography showed bowel wall thickening in 22 patients (40%) that were not detected on ultrasound.

Using the statistical program "R", it was found that V = 0, with p = 2.727x10^-6^ suggesting that ultrasound provides results with a significant difference compared to verified. MRI does not give results with a significant difference compared to verified ones (V = 7.5, p = 0.3173).

Statistical analysis of the results reveals that there is a significant difference between the ultrasound and MRI (V = 337.5, p = 2,517x10^-6^).

![Ultrasound and magnetic resonance imaging (MRI) findings of wall thickening compared to the pathohistological finding.](AIM-26-93-g003){#fig3}

In addition also were observed ROC curves for ultrasound and MRI, in relation to the pathohistological findings ([Figure 3](#fig3){ref-type="fig"}).

Using standard formulas, it is estimated that sensitivity or True Positive Rate for the MRI enterography is TPR = 0.978 and specificity or False Positive Rate equals 0.3 (FPR=0.3).

For ultrasound sensitivity was TPR = 0.51, while the specificity was FPR = 0.

From the above is evident that the sensitivity for MRI enterography due to the bowel wall thickening was 97.8% and specificity 70%, while the sensitivity of ultrasound is 51% and specificity 100%.

For the purpose of comparing the predictive features of one method over the other it was used area under curve (AUC) as a measurement. In most cases, higher AUC values represent better method or better predictive characteristics of the method.

For the determination of the AUC value for ultrasound and MRI, it was obtained for MRI AUC = 0.838 and for ultrasound AUC of a fistula presence.

Lymphadenopathy has been described in ultrasound reports in 13 patients (23.6%). MR enterography has described lymphadenopathy in 29 patients (52.7 %).

Using a statistical program "R" it has been proven that there is a significant difference between the results obtained with ultrasound and MRI findings regarding lymphadenopathy (V = 180, p = 9,617x10^-5^).

4.. DISCUSSION {#sec4}
==============

The study confirmed that there is a statistically significant difference between the results obtained by ultrasound examination and MR enterography, which indicates that there is a significant difference between the accuracy of the results of ultrasound findings and the findings of MR enterography.

According to international guidelines, high-resolution ultrasound should be the first diagnostic method in disease assessment and control exams ([@ref13], [@ref14]). MRI has been increasingly used in the diagnosis making and patients monitoring with inflammatory bowel disease, which is beneficial, and with important features such as are: lack of ionizing radiation, excellent tissue characterization and functional imaging ([@ref15]).

In comparison with earlier studies where the sensitivity for MR enterography ranges from 83% to 100%, and the specificity between 94% and 100%, while the sensitivity for ultrasound, depending on the studies, ranges from 55% to 94%, and a specificity from 96% to 100%, it was concluded that the obtained results largely correlate with the results of earlier studies, except for the result obtained for specificity in MR enterography, which is somewhat lower than the previous research ([@ref16]).

By determining the Area under curve (AUC) value for ultrasound and MR enterography, it was additionally confirmed that the predictive properties of MR enterography are better than ultrasound.

In the detection of abscess collections, it was concluded that there was no significant difference between the results obtained with ultrasound and MRI.

In the detection of fistula and lymphadenopathy, it was concluded that there is a significant difference between the results obtained with ultrasound and MRI.

According to Dillman et al. the ultrasound accurately displays the small intestine and mesenteric changes associated with Crohn's disease, and ultrasound findings show a high correlation with MRI findings in this group of patients ([@ref17]).

Meta-analysis of Donga et al. showed that ultrasound has a high diagnostic accuracy in detecting Crohn's active disease in adults, especially for Crohn's disease of the small intestine ([@ref18]).

Castiglione et al. concluded that ultrasound and MR enterography are reliable procedures for the diagnosis of Crohn's disease of the small intestine, while MR enterography has being more sensitive for assessment of disease prevalence. Ultrasound can be used as an initial method for patients to be subsequently examined with MR enterography ([@ref19]).

Ziech et al. concluded that ultrasound and MR enterography have high precision for diagnosing inflammatory bowel disease in children, but cannot be used to distinguish Crohn's disease from ulcerative colitis ([@ref20]).

Sato et al. conducted a study whose objective was to compare the ability to detect lesions in Crohn's disease with MR enterography with ileocolonoscopy. It has been concluded that MR enterography can be useful not only for the detection of ulcers but also for the detection of endoscopically verified, milder lesions in Crohn's disease, suggesting the clinical benefit of MR enterography for the detection and monitoring of the disease ([@ref21]).

Several authors confirmed that the quantitative parameters of conventional MRI sequences, dynamic contrast MRI sequences, and diffusion weighted imaging (DWI) sequences correlate with the histopathology of surgical samples, and that conventional MR enterography can be used to evaluate Crohn's disease activity ([@ref22], [@ref23]).

From all of the above, it can be concluded that conventional ultrasound is a good orientation method in the initial evaluation of patients with Crohn's disease, and can be used as the initial method for patients to be subsequently examined with MR enterography.

Contrast enhanced MRI enterography provides an excellent assessment for disease activity as well as the complications that accompany it. It has a high sensitivity for changes seen in patients with Crohn's disease, provides detailed morphological and functional informations on small intestinal diseases, and reliable evidence of normality which makes it easier for the diagnosis of early or subtle structural abnormalities, which in the end helps to direct treatment and make decision on further follow up of patients.
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